N early 90% of smokers start smoking during adolescence. 1 Consequently, preventing teenagers from starting to smoke is a public health priority. 2 3 To start smoking, adolescents need access to tobacco products. A teenager's first few cigarettes usually come from friends or family members, but, once smoking becomes more established, youths turn to commercial sources of cigarettes (eg, stores and vending machines) to ensure a reliable supply. [3] [4] [5] [6] They are able to do so despite laws in all US states that ban the sale of tobacco to minors, because compliance with these laws is limited. 3 7 8 If youths could be prevented from easily obtaining cigarettes from commercial sources, it is hypothesised that fewer youths would become smokers. 3 8 Efforts to reduce youth access to tobacco have focused on enforcing bans on tobacco sales to minors in retail stores-the source of most tobacco bought by youths. A complementary strategy bans self-service displays of tobacco products in retail stores. These displays facilitate youth access to tobacco by encouraging shoplifting and by minimising a young person's contact with a salesperson, thereby making it more likely that a sale will occur. 3 8-10 Cigarette sales in vending machines have also been targeted because vending machines are more important tobacco sources for younger teens who have more difficulty in buying tobacco in stores. 3 8 Effective strategies include banning vending machine sales of cigarettes or limiting vending machines to adults-only locations. Equipping vending machines with locking devices that must be deactivated by a clerk who presumably verifies the purchaser's age has little evidence of efficacy. 3 Measures to restrict youths' access to tobacco products have been widely advocated since the early 1990s and are now incorporated into global tobacco control efforts. 11 The World Health Organization's Framework Convention on Tobacco Control includes a provision requiring ratifying nations to adopt and implement laws that prohibit the sale of tobacco to minors. 12 In the US, the federal Synar amendment has, since 1996, required all states to have and enforce youth-access laws and document a specific level of compliance or risk loss of federal block grant funds. 13 Many US communities have gone beyond state laws and adopted local ordinances with stronger youth-access provisions. 3 7 14 In Massachusetts, for example, the number of towns with some form of youth-access regulation increased from 35 (10%) in 1994 to 244 (70%) in 2000. 3 Despite the widespread adoption of youth-access restrictions, this approach remains controversial because evidence to support its efficacy in reducing adolescent smoking is limited. 3 8 11 15-17 In 2004, a systematic review of interventions to reduce minors' access to commercial sources of tobacco products was conducted by the Cochrane Tobacco Addiction Group. It concluded that active enforcement of youth-access laws could reduce illegal sales to minors, but found little evidence that these interventions reduced the prevalence of adolescent smoking or perceived ease of access to tobacco products. 18 19 An earlier meta-analysis also found no evidence that increases in merchant compliance with youth-access laws were associated with the prevalence of youth smoking, 20 although that review's methods were challenged. 17 Another source of evidence comes from observational studies. These do not test specific interventions but examine the association between adolescent's exposure to youth-access laws or perceived ease of access to tobacco products and their prevalence of smoking. These studies have conflicting results. A cross-sectional study of adolescents in 314 towns in Massachusetts found no consistent association between living Abbreviation: MTCP, Massachusetts Tobacco-Control Program in a town with a youth-access ordinance and prevalence of adolescent smoking or perceived ease of access to tobacco products, but the study had no data on the extent to which merchants actually complied with the laws. 21 By contrast, a cross-sectional study of 75 communities in Oregon found a small positive linear relationship between a town's measured rate of illegal sales to minors and the prevalence of smoking of 11th graders, but not of 8th graders. 22 A cross-sectional analysis of 11 towns in Illinois found that teenagers in towns with higher rates of illegal tobacco sales to minors were more likely to initiate but not to continue to smoke, 23 However, the cross-sectional design of these studies limits their ability to support causal inferences. Among 12 communities in New York, those reaching a high (.80%) rate of retailer compliance with youth-access laws had a smaller increase in adolescents' rate of frequent smoking over 4 years, as measured by two cross-sectional school surveys. 24 Few observational studies have used the stronger prospective cohort design. A cohort study of 592 adolescent non-smokers in Massachusetts found that those living in towns with a local tobacco sales ordinance at baseline were less likely to progress to established smoking over 4 years than youths in towns without these ordinances. However, the finding lost statistical significance after adjustment for potential confounders and there was no information on actual compliance with the laws. 25 Gilpin et al 26 followed two cohorts of adolescent non-smokers in California over 3 years. In the first cohort, followed when merchant compliance with youth access laws was low, smoking initiation rates did not differ between youths who initially perceived that cigarettes were difficult or easy to obtain. In the second cohort, conducted after overall merchant compliance state-wide had improved, youths who perceived that cigarettes were hard to obtain were less likely to initiate smoking.
The current study adds to the existing literature on the effect of youth access restriction in several ways. 1 It includes data from a representative cohort of adolescents living in a large number of communities that range in size and demographic characteristics.
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A town-level clustered multilevel analysis allows us to control for a large variety of individual, environmental and town-level characteristics, including the community's baseline anti-smoking sentiment. 3 A longitudinal design provides stronger evidence for causal inferences. 4 The extent to which youth-access laws are actually enforced is measured. 5 The study deconstructs smoking uptake into two components: youths' experimentation with tobacco products and their progression to established tobacco use. Restrictions on youth-access laws are hypothesised to affect the latter more than the former. 3 8 
METHODS

Study design
We conducted a 2-year, longitudinal follow-up study of 2504 youths in Massachusetts aged 12-17 years who at baseline had not yet smoked 100 cigarettes. We ascertained the baseline town of residence of each respondent, and using a database of local policies regarding youth access to tobacco products for each of the 351 towns in Massachusetts, determined the strength of the policy in each respondent's town as of the baseline interview date. We examined the relationship between the strength of local youth-access policy and enforcement in a respondent's town at baseline and the likelihood that the respondent initiated smoking or progressed to established smoking over 2 years. Multilevel logistic regression analysis accounted for clustering of responses among youths living in the same town and controlled for potential individual-and town-level confounding factors.
Sample
Between January 2001 and June 2002, the Center for Survey Research, University of Massachusetts Boston, Massachusetts, USA, obtained a probability sample of youths in Massachusetts by random digit dialing. Interviewers attempted to interview all resident youths aged 12-17 years in each eligible household identified through an initial screening interview with an adult household resident. Screening interviews were completed for 66% of sampled households, yielding a sample of 6006 eligible youths. Parental permission was obtained to interview 76% of eligible youths, and interviews were completed with 84% of those, resulting in a baseline sample of 3838 adolescents. The number of youths interviewed per household was one for 73.9% of households, two for 23.3% and three for 2.7%. Between January 2003 and July 2004, we attempted to re-interview all 3838 of the youths in the baseline sample for whom baseline smoking status had been obtained. Interviews were completed with 2793 subjects, for a follow-up rate of 72.8%.
The research protocol was approved by the institutional review boards of the University of Massachusetts Boston. All subjects gave informed consent or assent (for youths) and a waiver of the requirement for written consent was obtained.
MEASURES
Town of residence A youth's town of residence at baseline and follow-up was determined from the reported zip code. Nearly all (95.8%) of the re-interviewed youths lived in the same town at baseline and follow-up: 2.5% moved within Massachusetts and 1.7% moved out of the state.
Strength of local youth-access policy
The Massachusetts Tobacco-Control Program (MTCP) maintains a database of tobacco-related policies (including local board of health regulations, municipal ordinances and municipal bylaws) in the state's 351 cities and towns. Data are obtained from reports submitted by local programmes and from queries to towns without programmes and were available for this analysis from 1994 to 2001. The MTCP also collects data on enforcement activities carried out by local boards of health that receive MTCP funding. During the study period, most town health boards received state funding to monitor compliance with the state youth-access law by conducting compliance checks in which supervised minors attempted to buy cigarettes from retailers. These compliance checks could result in fines or licence suspensions if the town had a regulation establishing penalties for selling cigarettes to youth and/or requiring licensure of tobacco vendors. (Among the 102 towns that had fine and/or licensing policies in place and conducted at least two compliance checks per retailer per year, 96% reported one or more violations, and 83% of those issued one or more citations, which were the first step in the process of imposing fines or licence suspensions.) Data on the number of compliance checks conducted per tobacco vendor were available for the 2-year period of 1999-2000.
We considered two dimensions of a town's youth-access policy: (1) enforcement of the ban on over-the-counter sales to youths aged ,18 years and (2) presence of other restrictions on commercial sources of tobacco products to youths. We defined a town as having a strong enforcement policy if two conditions were met. First, regulations requiring licensure of tobacco vendors and/or establishing fines for sales to youth had to be in effect throughout 1999-2000. Second, the local board of health had to have reported an average of at least two compliance checks per vendor per year during that period.
i A town was considered to have strong restrictions on other commercial i MTCP guidance suggested that towns conduct compliance checks each calendar quarter, though not necessarily that all vendors should be checked this frequently. About onethird of towns reported averages of two or more compliance checks per vendor per year.
tobacco sources if it banned free-standing cigarette displays and restricted vending machine sales (with a complete ban, a ban except in adults-only establishments or a lockout device requirement).
The strength of the youth-access policy in each respondent's town of residence was classified as (1) strong if the town met the above criteria for both strong enforcement of restrictions on over-the-counter tobacco sales to minors and strong restrictions on vending machine sales and self-service displays; (2) medium if the town had a strong policy on either of these dimensions; and (3) weak if the town had a strong policy in neither dimension.
Smoking initiation and progression to established smoking We considered two potential smoking transitions, depending on respondents' status at baseline. Never-smokers at baseline, who responded negatively to the question ''Have you ever experimented with cigarette smoking, even a few puffs?'' could remain in that status or could have initiated smoking by followup. Experimenters at baseline-those who had at least puffed but had not smoked 100 cigarettes-could remain in that status or could have smoked 100 cigarettes and become established smokers by follow-up. Established smoking, which captures youths who smoke on a regular basis and avoids the issue of irregular smoking during adolescence and difficulties with recall of smoking behaviour in the past 30 days, has been recognised and used in numerous prior studies. [27] [28] [29] [30] [31] [32] After excluding youths who were already established smokers at baseline, cases with inconsistent responses regarding smoking status and cases with missing values on any of the analysis variables, the final samples included 1986 never-smokers and 518 experimenters located in 295 cities and towns. We considered analysing quitting among established smokers, but there were too few cases (170 established smokers at baseline, of whom 25 were classified as quitters at follow-up) to support analysis of town-level policies.
Potential individual-level and household-level confounding variables
We controlled for the following individual-level variables assessed at baseline: age, gender, race (non-Hispanic white or other) and rebelliousness. The rebelliousness score was a composite of six agree/disagree items concerning conflict at home and willingness to get into trouble outside the home, which were summed and re-scaled to have values ranging from 0 to 1. 33 A further control for never-smokers at baseline was a measure of susceptibility to smoking that has previously been shown to predict progression to established smoking. 29 Neversmokers were classified as non-susceptible to smoking if they answered ''no'' to the question ''Do you think that you will try a cigarette soon?'' and ''definitely not'' to the questions ''If one of your best friends were to offer you a cigarette, would you smoke it?'' and ''At any time during the next year do you think you will smoke a cigarette?'' For non-established smokers (youths who had not smoked 100 cigarettes at baseline but who had smoked at least a few puffs), we used indicators for respondents who were current smokers (had smoked in the past 30 days) and for those who had never smoked a whole cigarette.
Household-level control variables were whether any parent smoked, whether the adult survey respondent had any education beyond high school and whether household income was reported to be $50 000 or more.
Potential town-level confounding variables
We controlled for the following town-level characteristics: percentage of voters who voted ''yes'' on question 1 of a 1992 ballot initiative that increased the cigarette tax and created a state-wide tobacco control programme; three levels of town population (,20 000, 20 000-49 999, and >50 000); percentage of town population ,18 years old and percentage of town population that is white. The question 1 vote controls for town norms that existed before local tobacco-control policies were established, as virtually all of the regulations and ordinances first took effect after 1993. Data on the question 1 vote come from Massachusetts electoral records. 34 The other town variables come from the 2000 Census.
ANALYSIS
We estimated separate models of the probability of smoking initiation and the probability of progression to established smoking. In each case, the smoking outcome was treated as a function of the strength of youth-access policy in the respondent's town, controlling for factors that were hypothesised to influence smoking progression but not to be influenced by town policy.
Because individual respondents were clustered within towns and variables were measured at both the respondent and the town levels, we estimated hierarchical models using Hierarchical Linear Modeling V.6 35 The modelling approach used the full-maximum likelihood estimation of populationaverage models, which is equivalent to the general estimating equations approach. 35 This approach yields variance estimators that are relatively insensitive to mis-specification of the working correlation matrix. 36 The results were confirmed by replicating the models using general estimating equations.
In addition to estimating the full model with all variables described above, we estimated reduced models that eliminated variables that did not significantly improve model fit. Change in model fit was assessed using deviance tests, with deviance estimated through LaPlace iterations. To avoid discarding potentially meaningful variables, all variables were retained if the improvement in fit had a p value of >0.10. Table 1 displays the baseline characteristics and smoking status of the study population. Among the 1986 never-smokers at baseline, 21% initiated smoking by the follow-up interview, including 3% who had become established smokers. Among the 518 classified as non-established smokers at baseline, 25% became established smokers by follow-up. Neither smoking initiation nor becoming an established smoker was significantly related to the strength of youth-access policy in bivariate tests.
RESULTS
Bivariate comparisons show that those who initated smoking between baseline and follow-up were older, more rebellious and more likely to live in a small town. Those who transitioned from non-established to established smokers were more likely to be current smokers at baseline and to live in a town whose population was predominantly white. Table 2 shows that the local youth-access policy variables were not significantly related to smoking initiation after controlling for potentially confounding factors (p = 0.655 and 0.562 for medium and strong policies, respectively). Deviance tests showed that adding these variables did not significantly improve model fit. The reduced model, which is not shown, had point estimates and p values similar to those in the full model (p = 0.590 and 0.520 for medium and strong policies, respectively).
The likelihood of smoking initiation was significantly higher for older youths, those with higher scores on the rebelliousness index, those classified as susceptible to smoking, those with at least one smoking parent and those living in medium-size towns. Table 3 shows that, among youths who had already initiated smoking at baseline, local youth-access policy was not significantly related to the probability of progressing to established smoking by the follow-up interview (p = 0.545 and 0.416 for medium and strong policies, respectively). The reduced model, not shown, had similar results (p = 0.418 and 0.261 for medium and strong policies, respectively). Significant predictors were age (older youths were less likely to progress), smoking status at baseline (puffers were less likely to progress, current smokers were more likely) and percentage of minority population in the town of residence (youths residing in towns with predominantly white populations were more likely to progress). Several supplementary analyses (not shown) were conducted to test the robustness of these results. The first analysis added variables representing town restaurant no-smoking regulations, as in Siegel et al. 37 This did not yield materially different results. When restaurant policy was included, p values for the youth access policy coefficients were slightly larger and odds ratios slightly closer to 1.00. Another set of analyses tested alternative groupings of types of smoking progression. We modelled the probability of being an established smoker at follow-up, conditional only on not being an established smoker at baseline. We also modelled the combined probability of a youth making either of the two types of smoking progression (1) strong if the town had strong enforcement (regulations allowing fines or requiring licences, and average compliance checks of two per vendor per year) and strong marketing restrictions (restrictions on both free-standing cigarette displays and vending machine marketing); (2) medium if the town had either strong enforcement or strong marketing restrictions; and (3) weak if the town had neither strong enforcement nor strong marketing restrictions.
examined separately here (from never-smoker to having initiated, and from non-established smoker to established smoker). None of these analyses showed statistically significant effects of the youth-access policy variable at or approaching the 0.05 level.
Finally, we considered alternative configurations of the youth-access policy measure, treating it as a dichotomous (medium or strong vs weak) or continuous variable. We also decomposed the youth access policy index into its component pieces, separately testing policies establishing fines or licensing requirements; having conducted two or more compliance checks per vendor per year; presence of any vending machine regulation; and bans on free-standing displays. In no case was the presence of a particular policy significantly associated with a lower likelihood of smoking initiation or progression. It is therefore unlikely that the overall result is driven by weak measurement of any one policy or a chance concentration of confounding factors in the towns adopting any one policy.
DISCUSSION
In this longitudinal study of a cohort of Massachusetts adolescents, those living in towns with strong youth-access policies did not have significantly lower rates of smoking initiation or progression to established smoking over a 2-year follow-up, than those living in towns with weak or no policies. A strong policy was defined to require a combination of policies enforcing the prohibition on tobacco sales to youth aged ,18 years and policies restricting cigarette availability through vending machines or free-standing displays. Neither this combination of policies nor any of the component policies showed statistically significant associations with youth smoking.
We had hypothesised that local youth-access policies might influence youth smoking behaviour both directly and indirectly. Since youth-access policies do influence retailers' actions, 18 19 youths who wish to buy cigarettes should find it more difficult to do so in towns with strong policies. This should impede youths' progression from experimentation to established smoking although it might not affect smoking initiation rates, because youths usually do not obtain their first cigarette from a commercial source. 3 8 The more indirect hypothesis is that youths will perceive strong policies and the resultant retailer actions as indicating that smoking is contrary to the social norm, and research suggests that youth smoking behaviour is sensitive to perceived norms. 38 An effect on perceived norms ÀLocal youth-access regulations were classified as (1) strong if the town had strong enforcement (regulations allowing fines or requiring licences, and average compliance checks of two per vendor per year) and strong marketing restrictions (restrictions on both free-standing cigarette displays and vending machine marketing); (2) medium if the town had either strong enforcement or strong marketing restrictions; and (3) weak if the town had neither strong enforcement nor strong marketing restrictions.
might deter smoking initiation, progression to established smoking, or both. Although we did not find local policies to be significantly associated with initiation or with progression to established smoking, we cannot exclude the possibility that study limitations contributed to the lack of effect. The study was conducted in Massachusetts, where an unusually strong state-level tobacco-control campaign has been operating since 1993. 39 40 The state-level efforts, which included extensive media campaigns and tobacco excise tax increases, as well as support for community-level tobacco control, may have swamped differences that would otherwise result from local youth-access policy.
Sample size might also be a factor. Our point estimates are consistent with a reduction in smoking uptake, especially in progression to established smoking, and it is possible that a study with a larger number of towns or a larger number of youth would find effects of this magnitude to be statistically significant. Countering this argument is the fact that Siegel et al 37 using these same data, found that a strong smoking policy in a local restaurant was significantly associated with a decreased likelihood that youth would become established smokers between baseline and follow-up. We similarly found a significant effect of restaurant policy when we added these measures to our model of progression to established smoking. This combination of results raises the possibility that youth smoking behaviour may respond more sensitively to restaurant policy, which is not targeted to youth, than to the policies specifically targeted to youth access. Two considerations make this seeming contradiction more plausible. First, it is possible that few youths beyond those who actually attempt to buy cigarettes become aware of the retailer actions that are subject to youth-access policy, while many more youth become aware of ''no-smoking'' signs and the absence of smoking in restaurants. Second, youth-access restrictions may convey the normative statement that smoking is disapproved among youth, but not among adults, whereas the restaurant policy may convey a more powerful statement that smoking is disapproved regardless of age.
Another study limitation concerns the possibility that even the strong local policies in Massachusetts were not strong enough to achieve the hypothesised result. It has been ÀStrength of local youth-access regulations were classified as (1) strong if the town had strong enforcement (regulstions allowing fines or requiring licences, and average compliance checks of two per vendor per year) and strong marketing restrictions (restrictions on both free-standing cigarette displays and vending machine marketing); (2) medium if the town had either strong enforcement or strong marketing restrictions; and (3) weak if the town had neither strong enforcement nor strong marketing restrictions.
suggested that as long as a few vendors will sell to youth, access regulations will not shut off the supply of cigarettes. 41 In previous research, reductions in youth smoking have generally required frequent compliance checks and penalties for noncompliance that together achieved high levels (.80-90%) of retailer compliance, embedded in comprehensive communitybased interventions. 18 42 41 The threshold frequency of compliance checks used here to identify towns with strong regulations was less than that achieved in those prior studies. We cannot rule out the possibility that youth-access policies and enforcement that achieve high compliance can reduce youth smoking, but reaching this level of compliance would require a level of resources and community involvement greater than was observed in Massachusetts, which had one of the nation's most proactive and well-funded tobacco-control programmes during the period of this study. 39 The state assisted local communities in establishing youth-access ordinances and regulations. The state also provided guidelines regarding the frequency and procedures for compliance checks, and required the programmes to keep detailed records of the characteristics of compliance checkers (eg, age and sex) as well as results of the tests. Programme data show that compliance checks resulting in violations were often followed by citations, which was the first step towards imposing a fine or suspending a licence. Programme data have also shown that Massachusetts had high levels of retailer compliance in this period. 40 Whether stronger enforcement than that in Massachusetts could realistically be expected in an operational setting is unclear. Still, if stronger enforcement could be achieved, it might yield more visible effects than we observed.
Another limitation is that our measure of the strength of youth-access provisions is less comprehensive than has been used in some other studies. Our measures of the presence of regulations and levels of enforcement come from programme operations databases, rather than data collected by researchers. Therefore, we were limited in what data were available, and some measurement error is probably present. We believe, however, that the consistency of results across multiple measures and multiple modelling approaches minimises the possibility that measurement error seriously distorts the findings.
Community-level ordinances are not the only tobaccocontrol efforts that may affect youth smoking initiation. Tobacco education programmes in schools and other tobaccocontrol policies may also affect youths' perceptions and smoking behaviours. 2 15 We were able to minimise the potential confounding effect of these factors by conducting this study in a single state, thereby minimising differences between communities in tobacco price, tobacco-control expenditure and counter-advertising media campaigns. When analyses controlled for community-level differences in clean indoor air restrictions in restaurants, there was no change in our findings about the strength of youth-access laws and enforcement.
CONCLUSION
This study of a cohort of Massachusetts adolescents who were followed for 2 years found no significant association between community-level youth-access regulations and adolescents' initiation of smoking or progression to established smoking.
What this paper adds
What is already known on this subject N Despite the widespread adoption of laws to restrict youths' access to tobacco products, this policy remains controversial because evidence to support its efficacy in reducing adolescent smoking is limited.
N Data from a well-controlled cohort study of adolescents living in communities that differ in youth-access policies and enforcement could inform the debate.
What this study adds
N This prospective study assessed the smoking behaviour of 2623 randomly sampled adolescents (aged 12-17 years) who lived in 295 towns in Massachusetts with varying youth-access laws and enforcement practices.
N Over 2 years, there was no association between community-level youth-access restrictions and adolescents' rate of smoking initiation or progression to established smoking in an analysis that accounted for town-level clustering and adjusted for potential individual, household and town-level confounders.
N The level of youth-access restriction that was achievable in a state with a strong tobacco-control programme was insufficient to demonstrate an independent effect of this policy on adolescent smoking behaviour.
